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APPARATUS AND METHOD FOR TUNING
THE FREQUENCY OF A BANDPASS FILTER
TO AN OFFSET FREQUENCY AROUND A
CARRIER FREQUENCY

FIELD OF THE INVENTION

The present invention relates in general frequency detec-
tion, bandpass filter tuning in bandpass delta-sigma analog-
to-digital converter, and frequency locked loop

BACKGROUND OF THE INVENTION

Filters have been widely used i many applications.
Because of the shortcoming of semiconductor process tech-
nology, RF bandpass filters are often implemented by the
continuous-time structure. However, component variation
over process corners and temperatures requires tuning the
center frequency of a bandpass filter to a reference RF fre-
quency.

Current state of the art filter tuming techniques employ a
frequency detector and circuits to turn the bandpass filter into
an oscillator at the filter frequency. The oscillator frequency 1s
compared to a reference frequency generating an error volt-
age that corrects the frequency of the oscillator. The oscillator
1s then disabled and the center frequency of the bandpass filter
1s tuned to the reference frequency

Continuous-time bandpass delta-sigma analog-to-digital
converters employ a plurality of resonant stages 1n a cascade
configuration, which are required to have their resonant fre-
quencies spread apart at small offsets frequencies, on the
order of a few megahertzs, around an RF center frequency 1n
the gigahertz range. To maintain these resonant frequencies at
known fixed frequency offsets about the center frequency
dictate a novel frequency tuning technique that 1s accurate at
small delta frequencies.

SUMMARY OF THE INVENTION

It 1s therefore an object of this invention to provide a circuit
and method that can tune a bandpass filter accurately at small
frequency offsets around an RF center frequency. This imnven-
tion features a circuit for tuming a bandpass filter to an oifset
frequency of an RF frequency, comprising a bandpass filter
including a negative resistance oscillator configured to gen-
erate an oscillator in-phase clock and an oscillator quadrature
clock 1n response to an oscillator control signal, wherein both
the oscillator in-phase clock and the oscillator quadrature
clock have an oscillator base frequency; an oifset frequency
converter configured to generate a bi-level in-phase offset
clock and a bi-level quadrature offset clock based on the
oscillator in-phase clock, the oscillator quadrature clock, and
a first reference clock having a reference base frequency,
wherein the bi-level in-phase ofiset clock and the bi-level
quadrature offset clock each has an oscillator offset fre-
quency; a sample/hold Conﬁgured to sample and hold the
bi-level quadrature offset clock using the bi-level 1n- phase as
a sampling clock to generate a side location signal; a fre-
quency detector configured to compare the oscillator offset
frequency with a reference oflset frequency based on the
bi-level 1n-phase offset clock, the bi-level quadrature offset
clock, and a reference oifset clock having the reference oifset
frequency, to generate a direction signal; an mverter config-
ured to mvert the direction signal; a NOR gate configured to
perform a logical NOR operation on the side location signal
and the direction signal to generate a NOR signal; a NAND
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inverted direction signal and the side location signal to gen-
erate a NAND signal; a multiplexer configured to output
either the NOR signal or the NAND signal as a multiplexer
output signal based on a selection signal; a digital controller
and memory circuit configured to generate the oscillator con-
trol signal based on the multiplexer output signal.

The digital controller and memory 1s configured such that
when the selection signal instructs the multiplexer to output
the NOR signal as the multiplexer output signal, the digital
controller and memory will generate the oscillator control
signal to tune the oscillator frequency to a target frequency
equal to the reference base frequency minus the reference
olfset frequency. Likewise, the digital controller and memory
1s configured such that when the selection signal instructs the
multiplexer to output the NAND signal as the multiplexer
output signal, the digital controller and memory will generate
the oscillator control signal to tune the oscillator frequency to
a target frequency equal to the reference base frequency plus
the reference offset frequency.

Furthermore, the frequency olifset converter comprises a
first mixer configured to mix the oscillator quadrature clock
with the reference base clock to generate a first mixed signal;
a second mixer configured to mix the oscillator in-phase clock
with the reference base clock to generate a second mixed
signal; a first low-pass filter configured to filter the first mixed
signal to generate a first filtered signal; a second low-pass
filter configured to filter the second mixed signal to generate
a second filtered signal; a first quantizer configured to quan-
tize the first filtered signal to generate the bi-level quadrature
offset clock; and a second quantizer configured to quantize
the second filtered signal to generate the bi-level in-phase
olfset clock.

As an alternative, the frequency oflset converter comprises
a first sample/hold configured to sample and hold the oscil-
lator quadrature clock using the first reference clock as a first
sampling clock; and a second sample/hold configured to
sample and hold the oscillator in-phase clock using the first
reference clock as a second sampling clock.

The invention also features a method for tuning a bandpass
filter to an offset frequency of an RF frequency, comprising
receiving an enable signal to instruct the bandpass filter to
operate as an oscillator; generating an oscillator in-phase
clock and an oscillator quadrature clock, wherein the oscilla-
tor in-phase clock and the oscillator quadrature clock each
having an oscillator base frequency; generating a quadrature
offset clock based on the oscillator quadrature clock and a
first reference clock having a reference base frequency; gen-
erating an in-phase ofiset clock based on the mn-phase clock
and the first reference clock; generating a logical side-loca-
tion signal based on the mn-phase offset clock and the quadra-
ture offset clock; generating a direction signal based on the
in-phase oflset clock, the quadrature offset clock, and a fre-
quency oflset clock having a reference offset frequency;
inverting the direction signal; generating a NOR signal by
performing a logical NOR operation on the side-location
signal; and the direction signal; generating a NAND signal by
performing a logical NAND operation on the side-location
signal and the inverted direction signal; selecting one of the
NAND signal and the NOR signal as a selected signal based
on a side-select signal; generating a feedback frequency con-
trol signal based on the selected signal; and altering the oscil-
lator frequency based on the feedback frequency control sig-
nal.

Furthermore, generating the in-phase offset clock com-
prises mixing the oscillator in-phase signal with the first
reference clock to generate an in-phase mixing signal; per-
forming a low-pass filtering operation on the in-phase mixing
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signal to generate an 1n-phase baseband signal; and quantiz-
ing the in-phase baseband signal to generate the in-phase
offset clock. Also, generating the quadrature ofiset clock
comprises mixing the oscillator quadrature signal with the
first reference clock to generate a quadrature mixing signal;
performing a low-pass filtering operation on the quadrature
mixing signal to generate a quadrature baseband signal; and
quantizing the quadrature baseband signal to generate the
quadrature oifset clock

As an alternative, generating the in-phase offset clock com-
prises sampling and holding the oscillator in-phase clock
using the first reference clock as a sampling clock to generate
the in-phase ofiset clock. Likewise, generating the quadrature
offset clock comprises sampling and holding the oscillator
quadrature clock using the first reference clock as a sampling
clock to generate the quadrature offset clock.

Furthermore, generating the logical side-location signal
based on the in-phase offset clock and the quadrature offset
clock turther comprises sampling the quadrature offset clock
using the in-phase offset clock as a sampling clock. Also,
when the NOR signal 1s the selected signal, the oscillator
frequency 1s altered to approach a target frequency equal to
the reference base frequency minus the reference offset fre-
quency, and when the NAND si1gnal 1s the selected signal, the
oscillator frequency 1s altered to approach a target frequency
equal to the reference base frequency plus the reference oifset
frequency.

Finally, the frequency tuning applies to any reference base
frequencies between 1 and 100 gigahertz, whereas the refer-
ence ollset frequency 1s between 1 and 100 megahertz.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figures where like reference numerals
refer to identical or functionally similar elements and which
together with the detailed description below are incorporated
in and form part of the specification, serve to further 1llustrate
an exemplary embodiment and to explain various principles
and advantages 1n accordance with the present invention.

FIG. 1 1s a schematic diagram illustrating a exemplary
frequency tuning circuit according to disclosed embodi-
ments;

FIG. 2 1s a schematic diagram illustrating an alternative
frequency tuning circuit, according to disclosed embodiment;

FIG. 3 1s a frequency diagram illustrating ofiset frequen-
cies around the RF frequency;

FI1G. 4 15 a frequency diagram 1llustrating o
detection;

il

'set frequency

DETAILED DESCRIPTION

In overview, the present disclosure concerns electronic
devices or units, some of which are referred to as communi-
cation units, such as cellular phone or two-way radios and the
like, typically having a capability for rapidly handling data,
such as can be associated with a communication system such
as an Enterprise Network, a cellular Radio Access Network,
or the like. More particularly, various inventive concepts and
principles are embodied 1n circuits, and methods therein for
receiving signals 1n connection with a communication unit.

The 1nstant disclosure 1s provided to further explain in an
enabling fashion the best modes of performing one or more
embodiments of the present invention. The disclosure 1s fur-
ther offered to enhance an understanding and appreciation for
the imventive principles and advantages thereof, rather than to
limit 1n any manner the invention. The invention 1s defined
solely by the appended claims including any amendments
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made during the pendency of this application and all equiva-
lents of those claims as 1ssued.

It 1s further understood that the use of relational terms such
as first and second, and the like, 1f any, are used solely to
distinguish one from another entity, item, or action without
necessarily requiring or implying any actual such relationship
or order between such entities, items or actions. It 1s noted that
some embodiments may include a plurality of processes or
steps, which can be performed 1n any order, unless expressly
and necessarily limited to a particular order; 1.e., processes or
steps that are not so limited may be performed 1n any order.

Much of the inventive functionality and many of the inven-
tive principles when implemented, are best supported with in
integrated circuits (ICs), such as a digital signal processor or
application specific ICs. It 1s expected that one of ordinary
skill, notwithstanding possibly significant effort and many
design choices motivated by, for example, available time,
current technology, and economic considerations, when
guided by the concepts and principles disclosed herein will be
readily capable of generating ICs with minimal experimen-
tation. Therefore, in the interest of brevity and minimization
of any risk of obscuring the principles and concepts according
to the present invention, further discussion of such ICs, 1f any,
will be limited to the essentials with respect to the principles
and concepts used by the exemplary embodiments.

Referring now to FIG. 1, a schematic diagram 1llustrating,
an exemplary frequency tuning circuit in accordance with one
or more embodiments will be discussed and described. As
shown 1n FIG. 1, the bandpass filter tuning circuit 101
includes a bandpass filter block 103, an RF reference signal
source 105, a sample/hold 119, a frequency detector 121, an
offset signal source 123, a NAND gate 125, a NOR gate 129,
an mverter 127, a multiplexer (MUX) 131, a digital controller
and memory 133, and a frequency down-converter 151. The
bandpass filter block 103 includes a negative resistance oscil-
lator 135, a bandpass filter 137, and a digital tuming element
139. The frequency down-converter 151 includes first and
second mixers 107 and 109, first and second low pass filters
(LPF) 111 and 113, and first and second quantizers 1135 and
117. An RF reference signal source 105 provides a first red-
erence clock (REF CLK 1) having an RF reference frequency
f., while an offset signal source 123 provides a second ret-
erence clock (REF CLK 2) having an reference offset fre-
quency 1,-..

As 1nputs, the bandpass filter tuning circuit 101 recerves an
cnable signal (ENABLE), a high/low select signal
(HILOSEL), the first reference clock (REF CLK 1), and the
second reference clock (REF CLK 2).

FIG. 3 illustrates the frequency diagram showing the fre-
quency offset, 1, with respect to the RF reference fre-
quency, I-. The bandpass filter 137 1n the bandpass filter
block 103 can be tuned to either an offset that 1s higher than
t,, or an offset lower than 1.

In the frequency tuming mode, the ENABLE signal starts
the tuning process. The high/low select signal 1s used to
indicate whether the bandpass filter center frequency 1s to be
tuned above or below 1. by the offset frequency, 1, -..

The bandpass filter 137 1n the bandpass filter block 103 can
be tuned digitally using the digital tuning element 139. In a
frequency tuning mode, the ENABLE signal turns the band-
pass lilter block 103 into an oscillator by powering up the
negative resistance oscillator 133.

Tuning the bandpass filter accurately to an offset fre-
quency, I ,~., aboveor below I can be done by comparing the
difference between the oscillator frequency and {- to the
reference olfset frequency, 1,-.. Generating the frequency
difference 1s done by the frequency down-converter 151. The
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negative resistance oscillator 135 generates an in-phase clock
and a quadrature clock that are separated by ninety degrees,
which are each multiplied by the first reference clock REF
CLK 1 using the first and second mixers 107 and 109, respec-
tively. By virtue of frequency mixing theory, this multiplica-
tion generates a sum and a difference between the oscillator
frequency and { .. The first and second lowpass filters 113 and
111 remove the frequency sum components from the outputs
of the first and second mixers 107 and 109, respectively; and
the first and second quantizers 117 and 113 turn the frequency
difference 1nto bi-level in-phase and quadrature offset clocks,
respectively.

By down-converting the oscillator clock from 1 -, only the
information about the oscillator offset frequency 1s generated,
but the relative position of the oscillator frequency with
respect to 1 -, either on the higher side or the lower side of the
latter, 1s not available. Recovery of the relative frequency
location with respect to 1~ 1s done by having the sample/hold
119 use the offset in-phase clock to sample the offset quadra-
ture clock to generate a side location (SIDELOC) signal. IT
the oscillator frequency 1s higher than 1., the SIDELOC
signal 1s set to a logical high; and 1f the oscillator frequency 1s
lowerthan t ., the SIDELOC signal 1s set to a logical low state.

A Irequency detector 121 uses the second reference clock
REF CLK 2 received from the offset signal source 123 to tune
the oscillator offset frequency to the reference offset fre-
quency. The UP/DOWN signal output from the frequency
detector 121 1s set to logical high 11 the oscillator offset
frequency 1s lower than 1, ~.. Likewise, UP/DOWN signal 1s
set to logical low 11 the oscillator offset frequency 1s higher
than 1.

FI1G. 4 1llustrates a logic diagram of the signals SIDELOC
and UP/DOWN 1n relation to the location of the oscillator
frequency with respect to 1 .. Note that using the UP/DOWN
signal as a frequency feedback control to the negative resis-
tance oscillator 135 1s not sullicient due to contlicting feed-
back control criteria on both low-side and high-side of 1. A
logic-high UP/DOWN signal, 1f fed back to the oscillator,
increases the oscillator frequency; whereas the logic-low
UP/DOWN signal decreases the oscillator frequency. The
inverter 127, the NAND gate 125, the NOR gate 129, and the
multiplexer 131 are used to generate the proper frequency
teedback control.

The inverter 127 inverts the UP/DOWN signal. The NAND

gate 125 performs a logical NAND operation on the inverted
UP/DOWN signal and the SIDELOC signal to generate sig-
nal N125. The NOR gate 129 performs a logical NOR opera-
tion on the UP/DOWN signal and the SIDELOC signal to
generate signal N129. FIG. 4 1llustrates a logic diagram of
signal N125 and signal N129. The multiplexer 131 recerves
signal N125 and N129 and outputs one based on the
HILOSEL signal.
In order to tune to the high-side of 1, the HILOSEL si1gnal
instructs the multiplexer 131 to output signal N1235. If the
oscillator frequency 1s lower than {., signal N125 1s set at
logic high to command increasing the oscillator frequency
beyond 1. As the down-converted oflset frequency of the
oscillator 1s still lower than 1, ., signal N123 remains high to
increase the oscillator frequency further till the oscillator
frequency ofiset 1s equal to 1, ~..

In order to tune to the low side of { -, the HILOSEL signal
istructs the multiplexer 131 to output signal N129. If the
oscillator frequency 1s higher than f -, signal N129, being set
at logic low, pulls the oscillator frequency to lower than {,~and
continues ti1ll the oscillator frequency ofiset 1s equal to 1, ~«.
The digital controller and memory 133 provides a tuning
algorithm to optimize for speed and stability of the frequency
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6

locked loop 1n response to the output of the multiplexer 131
and stores the oscillator tuning code 1n the memory once the
oscillator offset frequency 1s locked to the reference offset
frequency.

FIG. 2 illustrates an alternative exemplary frequency tun-
ing circuit, wherein the frequency down-converter 151 com-
prises first and second sample/holds 207 and 209. The oscil-
lator 1n-phase clock, I-CLK, and quadrature clock, Q-CLK,
are sampled by the first reference clock REF CLK 1, with a
frequency 1. By virtue of the bandpass sampling theory, the
first and second sample/holds 207 and 209 will generate the
down-converted 1n-phase offset clock and quadrature offset
clock, respectively.

It should be noted that the term communication unit may be
used herein to denote a wired device, for example a high
speed modem, an xDSL type modem, a fiber optic transmis-
s1ion device, and the like, and a wireless device, and typically
a wireless device that may be used with a public network, for
example 1 accordance with a service agreement, or within a
private network such as an enterprise network or an ad hoc
network. Examples of such communication devices include a
cellular handset or device, television apparatus, personal digi-
tal assistants, personal assignment pads, and personal com-
puters equipped for wireless operation, and the like, or
equivalents thereof, provided such devices are arranged and
constructed for operation 1n connection with wired or wire-
less communication.

The communication units of particular interest are those
providing or facilitating voice communications services or
data or messaging services normally referred to as ultra wide-
band networks, cellular wide area networks (WANSs), such as
conventional two way systems and devices, various cellular
phone systems 1ncluding analog and digital cellular, CDMA
(code division multiple access) and variants thereof, GSM
(Global System for Mobile Communications), GPRS (Gen-
eral Packet Radio System), 2.5G and 3G systems such as
UMTS (Universal Mobile Telecommunication Service) sys-
tems, Internet Protocol (IP) Wireless Wide Area Networks
like 802.16, 802.20 or Flarion, integrated digital enhanced
networks, LTE (Long Term Evolution) networks, and variants
or evolutions thereol.

Furthermore, the wireless communication devices of inter-
est may have short range wireless communications capability
normally referred to as WLAN (wireless local area network)
capabilities, such as IEEE 802.11, Bluetooth, WPAN (wire-
less personal area network) or Hyper-Lan and the like using,
for example, CDMA, frequency hopping, OFDM (orthogonal
frequency division multiplexing) or TDMA (Time Division
Multiple Access) access technologies and one or more of
various networking protocols, such as TCP/IP (Transmission
Control Protocol/Internet Protocol), UDP/UP (Universal
Datagram Protocol/Universal Protocol), IPX/SPX (Inter-
Packet Exchange/Sequential Packet Exchange), Net BIOS
(Network Basic Input Output System ) or other protocol struc-
tures. Alternatively the wireless communication devices of
interest may be connected to a LAN using protocols such as
TCP/IP, UDP/UP, IPX/SPX, or Net BIOS wvia a hardwired
interface such as a cable and/or a connector.

This disclosure 1s intended to explain how to fashion and
use various embodiments 1n accordance with the invention
rather than to limit the true, intended, and fair scope and spirit
thereof. The mvention 1s defined solely by the appended
claims, as they may be amended during the pendency of this
application for patent, and all equivalents thereotf. The fore-
going description is not mtended to be exhaustive or to limait
the mvention to the precise form disclosed. Modifications or
variations are possible 1n light of the above teachings. The
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embodiment(s) was chosen and described to provide the best
illustration of the principles of the invention and its practical
application, and to enable one of ordinary skill 1n the art to
utilize the invention 1n various embodiments and with various
modifications as are suited to the particular use contemplated.
All such modifications and variations are within the scope of
the invention as determined by the appended claims, as may
be amended during the pendency of this application for
patent, and all equivalents thereot, when interpreted 1n accor-
dance with the breadth to which they are fairly, legally, and
equitably entitled.

What 1s claimed 1s:

1. A circuit for tuning a bandpass filter to an ofiset fre-

quency ol an RF frequency, comprising;:

a bandpass filter including a negative resistance oscillator
configured to generate an oscillator in-phase clock and
an oscillator quadrature clock 1n response to an oscilla-
tor control signal, the oscillator in-phase clock and the
oscillator quadrature clock each having an oscillator
base frequency;

an offset frequency converter configured to generate a bi-
level m-phase offset clock and a bi-level quadrature
offset clock based on the oscillator in-phase clock, the
oscillator quadrature clock, and a first reference clock
having a reference base frequency, the bi-level in-phase
olfset clock and the bi-level quadrature offset clock each
having an oscillator offset frequency;

a sample/hold configured to sample and hold the bi-level
quadrature ofiset clock using the bi-level imn-phase as a
sampling clock to generate a side location signal;

a frequency detector configured to compare the oscillator
ollset frequency with a reference offset frequency based
on the bi-level in-phase offset clock, the bi-level quadra-
ture offset clock, and a reference offset clock having the
reference oflset frequency, to generate a direction sig-
nal;

an 1verter configured to mvert the direction signal;

aNOR gate configured to perform a logical NOR operation
on the side location signal and the direction signal to
generate a NOR signal;

a NAND gate configured to perform a logical NAND
operation on the inverted direction signal and the side
location signal to generate a NAND signal;

a multiplexer configured to output either the NOR signal or
the NAND signal as a multiplexer output signal based on
a selection signal;

a digital controller and memory circuit configured to gen-
crate the oscillator control signal based on the multi-
plexer output signal.

2. The circuit of claim 1,

wherein the digital controller and memory 1s configured
such that when the selection signal istructs the multi-
plexer to output the NOR signal as the multiplexer out-
put signal, the digital controller and memory will gen-
crate the oscillator control signal to tune the oscillator
frequency to a target frequency equal to the reference
base frequency minus the reference offset frequency,
and

wherein the digital controller and memory 1s configured
such that when the selection signal instructs the multi-
plexer to output the NAND signal as the multiplexer
output signal, the digital controller and memory will
generate the oscillator control signal to tune the oscilla-
tor frequency to a target frequency equal to the reference
base frequency plus the reference offset frequency.
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3. The circuit of claim 1,

wherein the reference base frequency 1s between 1 and 100
gigahertz, and

wherein the reference o
100 megahertz.

4. The circuit of claim 1, wherein the frequency offset

[

'set frequency 1s between 1 and

converter comprises:

a first mixer configured to mix the oscillator quadrature
clock with the reference base clock to generate a first
mixed signal;

a second mixer configured to mix the oscillator in-phase
clock with the reference base clock to generate a second
mixed signal;

a first low-pass filter configured to filter the first mixed
signal to generate a first filtered signal;

a second low-pass filter configured to filter the second
mixed signal to generate a second filtered signal;

a first quantizer configured to quantize the first filtered
signal to generate the bi-level quadrature offset clock;
and

a second quantizer configured to quantize the second fil-
tered signal to generate the bi-level in-phase offset
clock.

5. The circuit of claim 1, wherein the frequency offset

converter comprises:

a first sample/hold configured to sample and hold the oscil-
lator quadrature clock using the first reference clock as a
first sampling clock; and

a second sample/hold configured to sample and hold the
oscillator in-phase clock using the first reference clock
as a second sampling clock.

6. The circuit of claim 1,

wherein the first and second filters are low pass filters.

7. A method for tuning a bandpass filter to an offset fre-

quency of an RF frequency, comprising:

recerving an enable signal to 1nstruct the bandpass filter to
operate as an oscillator;

generating an oscillator in-phase clock and an oscillator
quadrature clock, the oscillator in-phase clock and the
oscillator quadrature clock each having an oscillator
base frequency;

generating a quadrature oifset clock based on the oscillator
quadrature clock and a first reference clock having a
reference base frequency;

generating an i-phase ofiset clock based on the 1in-phase
clock and the first reference clock:

generating a logical side-location signal based on the 1n-
phase offset clock and the quadrature offset clock;

generating a direction signal based on the 1in-phase offset
clock, the quadrature offset clock, and a frequency offset
clock having a reference offset frequency;

inverting the direction signal;

generating a NOR signal by performing a logical NOR
operation on the side-location signal; and the direction
signal;

generating a NAND signal by performing a logical NAND
operation on the side-location signal and the mverted
direction signal;

selecting one of the NAND signal and the NOR signal as a
selected signal based on a side-select signal;

generating a feedback frequency control signal based on

the selected signal; and
altering the oscillator frequency based on the feedback

frequency control signal.

il
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8. The method of claim 7, wherein generating the in-phase
offset clock comprises:
mixing the oscillator in-phase signal with the first refer-

ence clock to generate an in-phase mixing signal;
performing a low-pass filtering operation on the in-phase
mixing signal to generate an in-phase baseband signal;
and
quantizing the m-phase baseband signal to generate the
in-phase oifset clock.
9. The method of claim 7, wherein generating the in-phase
olffset clock comprises:
sampling and holding the oscillator in-phase clock using
the first reference clock as a sampling clock to generate
the in-phase offset clock.
10. The method of claim 7, wherein generating the quadra-
ture offset clock comprises:
mixing the oscillator quadrature signal with the first refer-
ence clock to generate a quadrature mixing signal;
performing a low-pass filtering operation on the quadrature
mixing signal to generate a quadrature baseband signal;
and
quantizing the quadrature baseband signal to generate the
quadrature offset clock.
11. The method of claim 7, wherein generating the quadra-
ture offset clock comprises:

10

15

20

10

sampling and holding the oscillator quadrature clock using
the first reference clock as a sampling clock to generate

the quadrature offset clock.

12. The method of claim 7,

wherein generating the logical side-location signal based
on the m-phase offset clock and the quadrature offset
clock further comprises sampling the quadrature offset
clock using the in-phase offset clock as a sampling
clock.

13. The method of claim 7,

wherein when the NOR signal 1s the selected signal, the
oscillator frequency 1s altered to approach a target fre-
quency equal to the reference base frequency minus the
reference oflset frequency, and

wherein when the NAND signal 1s the selected signal, the
oscillator frequency 1s altered to approach a target fre-
quency equal to the reference base frequency plus the
reference offset frequency.

14. The method of claim 7,

wherein the reference base frequency 1s between 1 and 100
gigahertz, and

wherein the reference o
100 megahertz.

[

'set frequency 1s between 1 and
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